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1
OPTICAL EFFECT COATING

BACKGROUND

Various devices may incorporate light sensors for various
purposes. Such light sensors may be located behind light
transmission elements to receive and detect light incident on
the device. So located light sensors may aflfect the overall
appearance of the device.

SUMMARY

This Summary 1s provided to introduce a selection of
concepts 1 a sumplified form that are further described
below 1n the Detalled Description. This Summary 1s not
intended to identily key features or essential features of the
claimed subject matter, nor 1s 1t intended to be used to limait
the scope of the claimed subject matter.

A method for forming an optical effect coating for a light
transmission element configured to form a part of a cover of
a device 1s described. The method may comprise printing an
optical eflect coating so as to have a plurality of micro holes
in an aperture area, the micro holes locally increasing the
cllective light transmittance through the optical effect coat-
ing. The method may be implemented by printing a {first
coating layer having a plurality of adjacent first elongated
micro openings extending in a first direction in an aperture
area, and printing a second coating layer having a plurality
of adjacent second elongated micro openings extending in a
second direction, the second direction differing from the first
direction, 1n the aperture area. Thereby, an optical ellect
coating may be formed, comprising micro holes formed at
intersections of the first and the second elongated micro
openings, the micro holes producing locally increased effec-
tive light transmittance through the optical effect coating in
the aperture area.

Many of the attendant features will be more readily
appreciated as the same becomes better understood by

reference to the following detailed description considered in
connection with the accompanying drawings.

DESCRIPTION OF THE DRAWINGS

The present description will be better understood from the
tollowing detailed description read in light of the accompa-
nying drawings, wherein:

FIG. 1 shows a flow diagram of a method for forming an
optical eflect coating;

FIG. 2 1llustrates steps of a method for forming an optical
ellect coating;

FIG. 3 shows a front view of a window plate having an
optical eflect coating thereon;

FIG. 4. shows a front view of a temporary carrier plate
having an optical effect coating thereon; and

FIG. 5 shows a schematic sectional side view of a part of
a device having a light sensing arrangement.

The drawings of the FIGs. are not in scale.

DETAILED DESCRIPTION

The detailed description provided below 1n connection
with the appended drawings 1s imntended as a description of
the present examples and 1s not intended to represent the
only forms 1n which the present example may be constructed
or utilized. The description sets forth the functions of the
example and the sequence of steps for constructing and
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2

operating the example. However, the same or equivalent
functions and sequences may be accomplished by different
examples.

Although some of the present examples may be described
and 1llustrated herein as being implemented 1n a smartphone,
a mobile phone, or a tablet computer, these are only
examples of a device and not a limitation. As those skilled
in the art will appreciate, the present examples are suitable
for application 1n a variety of different types of devices, such
as portable and mobile devices, for example, lap top com-
puters, tablet computers, smart phones, mobile phones,
game consoles and game controllers, wrist watches, smart
watches, head-mounted displays, and other various wearable
devices, etc.

FIG. 1 illustrates a method that can be used for forming,
an optical eflect coating for a light transmission element
configured to form a part of a cover of a device.

“Light transmission element” refers here to various ele-
ments allowing transmission of light at least at visible and/or
near inirared wavelengths through them. Visible wave-
lengths refer roughly to a wavelength range of about 400 to
about 800 nm, whereas near infrared may be considered to
cover, for example, wavelengths from about 800 nm to 1400
... 1500 nm. The light transmission element may allow
transmission also in the ultraviolet wavelength range with
wavelengths shorter than the visible wavelengths. Such light
transmission element may be, for example, a window plate
for a display assembly. Such display assembly may be
configured, for example, to form a part of a touch screen or
other type of display assembly of a device, which may be,
for example, a mobile, portable, or a wearable device. In
addition to such window plates, the light transmission ele-
ment may be any type of element allowing light transmis-
sion through 1t, which element can be used as a part of a
cover of a device. In some cases, a light transmission
clement forming, or configured to form, a part of a device
cover may be called and regarded as a “cover lens™ for, or
of, a device.

The “optical eflect coating” refers to any type of coating
providing an optical effect diflering from the optical perior-
mance the light transmission element 1tself, without such
coating, provides. On the other hand, from the visual appear-
ance point of view, such optical effect coating may change
the visual appearance of the light transmission element. For
example, an optical eflect coating may form one or more
colored, possibly opaque, 1.e. non-transparent, coating pat-
terns on a surface of a light transmission element. In addition
to just colors, for example, black or white, the optical effect
coating may be configured to form, for example, a reflective

coating or an anti-reflection or matte coating on a light
transmission element.

The purpose of an optical eflect coating may be decora-
tive, 1.e. to aflect the visual appearance of a device via
decorative eflect(s). For example, an optical eflect coating
may be configured to form a frame area on a window plate
or some other type of light transmission element, the frame
area surrounding a display active area through which a
display located behind the light transmission element is
visible.

For purely decorative eflects, such frame or some other
type of optical eflect coating may also serve, for example,
for hiding or concealing internal device parts lying behind
the light transmission element. One example of such internal
device parts are various light sensors, for example, ambient
light sensors, proximity sensors, iris detectors, or ultraviolet
light sensors. Typically, such light sensors receive light
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incident on the device, actually on a light transmission
clement forming a part of a cover of the device.

The example method of FIG. 1 starts by printing, 1n step
101, a first coating layer having a plurality of adjacent first
clongated micro openings extending 1n a first direction 1n a
predetermined aperture area.

Next, 1n step 102, a second coating layer 1s printed on the
first coating layer, having a plurality of adjacent second
clongated micro openings extending in a second direction,
which differs from the first direction, in the aperture area.

“Elongated” opeming refers to an opening having a length
and a width, the length being substantially higher than the
width of the opening. The length may be, for example, at
least 5 to 10 times higher than the width.

The aperture area refers generally to a predetermined area
within the optical eflect coating to be formed, 1n which area
the transmittance of light through the optical effect coating
1s to be increased 1n comparison to the surroundings of the
aperture area. The aperture area may have a square or
rectangular shape with sharp or rounded corners, a circular
or oval, or any other appropriate shape.

“Micro” refers to at least one characteristic dimension of
a micro opening lying i a micrometer scale. In practice,
such characteristic dimension may be the width of an
opening. To be a “micro” openming, the width of a micro
opening may be, for example, less than or equal to 500 um.

The method thus comprises sequentially printing at least
two coating layers, whereby an optical eflect coating 1s
formed. “Sequentially refers to printing one of the coating
layers before the other. They may be some intermediate
printing step carried out between printing the coating layers.
The first and the second directions of the first and the second
micro openings, respectively, may be, for example, perpen-
dicular to each other. The differently directed first and
second elongated micro openings of the two layers have
intersections where, when observed perpendicularly relative
to the layers, the micro openings of the two layers coincide
forming continuous micro holes extending through the entire
coating formed by the two layers. Thereby, the optical effect
coating comprises micro holes at those intersections. Due to
the elongated shape of the micro openings, the micro holes
may have substantially rectangular shape.

The micro holes produce locally increased effective light
transmittance through the optical effect coating 1n the aper-
ture area. “Locally” refers to a transmittance of light in the
aperture area being higher than the transmittance of light
through the optical eflect coating outside, 1.e. in the sur-
roundings of, the aperture area.

“Effective” light transmittance refers to the fact that
actually, there may be diflerent transmittances at different
locations 1n the aperture area. For example, outside the
micro holes, the transmittance of light through the optical
ellect coating 1s defined by the material of first and the
second printed layers, and may be the same as the light
transmittance through the optical effect coating outside the
aperture area. On the other hand, at the location of the micro
holes, where no first or second coating layer material 1s
present, there may be substantially full transmittance of light
without any significant absorbance or reflectance of incident
light. The eflective light transmittance refers to the overall,
average transmittance in the aperture area. Thus, the eflec-
tive light transmittance 1s an auxiliary parameter indicating,
the transmittance of a fictitious, continuous coating in the
aperture area allowing as big portion of incident light to be
transmitted through the coating in the aperture area as 1s
transmitted through the optical eflect coating with the micro
holes.
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The etfective light transmittance through the optical etfect
coating may be adjusted by means of the size and amount of
the first and the second micro openings in the printed first
and the second coating layers in the aperture area. Thereby,
the s1ze and shape of the final micro holes are also adjusted.

The widths of the micro openings and thus the widths of
the micro holes may be selected to fall below a typical or
average human eye angular resolution. Thereby, the micro
hole width can be set lower than what an average human eye,
at a typical viewing distance from the device 1in which the
optical eflect coating 1s configured to be used, can resolve.
In other words, the micro holes may be formed so as to have
a width which 1s so low that an average human eye cannot
see the single micro holes under normal use of that device.
Then, the device parts such as a light sensor located behind
the aperture area may be concealed, 1.e. hidden from visual
observation from the outside of the device, although the
locally increased light transmittance may allow suflicient

light for light sensing purposes to be transmitted or propa-
gated through the optical eflect coating to the light sensor.
As an example, the width of the micro openings may be less
than 100 microns because a human being may be able to
resolve an opening of approximate 100 um at a viewing
distance of 50 cm. Other widths may be appropnately
selected so that the micro openings are not detectable by
human eyes at a given distance.

In other implementations, the width of the micro holes
may be, for example, less than or equal to 3500 um, for
example, less than or equal to 300 um or 100 um. The first
and the second coating layers may be also printed to form
the first and the second micro openings having different
widths, whereby the micro holes may have diflerent widths
in different directions.

On the other hand, there may be some lower limit for the
widths of the first and the second micro openings and thus
of the micro holes. Such lower limit may allow, for example,
printing of well-defined, abrupt micro opeming edges. Such
lower limit may be, depending on the actual printing process
used, for example, 50 um.

The distances between the adjacent first openings and the
adjacent second micro openings may be, for example, 50 to
500 um, for example, 1n the range of 100 to 300 um.

The first and the second coating layers may be printed
using any appropriate ik or other printable material. Vari-
ous inks are known and available from several suppliers, for
example, for printing colored coatings on window plates and
other types of light transmission elements for various elec-
tronic devices e.g. 1n the field of computing, communica-
tions, and consumer electronic devices. An ink may com-
prise, for example, resin (e.g. epoxy resin), one or more
pigments, and one or more solvents. Also hardeners may be
included in various 1nks.

The first and the second coating layers may be printed
using a same k. Alternatively, different inks may be used
for printing the first and the second coating layers.

As one example, an ink may be used having a light
transmittance which 1s higher at near infrared wavelengths
than at visible wavelengths. Such ink may produce a visually
opaque, 1.€. opaque at visible wavelengths, optical eflect
coating, which however transmits infrared light sufliciently
to allow infrared light detection through the aperture area.
On the other hand, due to the adjustability of the effective
light transmittance via the size and amount of micro holes 1n
the aperture area, also one or more ks may be used which
form at least one completely opaque layer in the optical
ellect coating.
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The method illustrated 1n FIG. 2 may be carried out
generally in accordance with principles discussed above
concerning the example 1 FIG. 1. Correspondingly, the
resulting optical eflect coating may be 1n accordance what 1s
discussed above with reference to FIG. 1.

In graph A), a portion 201 of an optical eflect coating area
to be printed 1s marked. The portion, marked using a dashed
line 1n FIG. 2, may be configured to form a part of an optical
ellect coating having any overall shape. For example, the
complete optical eflect coating may be shaped as a frame
dimensioned to encircle a central region of a window plate
ol a display assembly for a device. The portion of the optical
ellect coating shown 1n FIG. 2 comprises a predetermined
aperture area 202.

A first coating layer 204 1s first printed, using a first
printing pattern 203, 1n the optical eflect coating area, the
first printing pattern and thus the first coating layer having
a plurality of adjacent first micro openings 205 1n the
aperture area 202. The situation after printing the {first
coating layer 1s 1llustrated 1n graph B).

Next, a second coating layer 207 1s printed, using a second
printing pattern 206, in the optical eflect coating area, the
second printing pattern and thus the second coating layer
having a plurality of adjacent second micro openings 208 in
the aperture area. The printed first and the second coating
layers together form an optical eflect coating 209, as 1llus-
trated 1 graph C).

The first and the second printing patterns are configured
to produce the first and the second micro openings 205, 208
as being directed substantially perpendicularly with each
other. Thereby, a mesh of intersecting first and second micro
openings 1s formed 1n the aperture area 202. At the locations
where the first and the second micro openings coincide, the
first and the second micro openings form substantially
rectangular micro holes 210 through the optical eflect coat-
ing 209. In the case of the first and the second micro
openings having identical widths, the micro holes have a
square shape.

Additional layer(s) may be printed or otherwise formed
on the optical ellect coating 1n addition to the first and the
second coating layers thereof. In this way, for example,
different shaped openings may be formed such as hexagons
or octagons. Additionally or alternatively, one or more
additional protective and/or anti-reflection layers may be
formed on one or both sides of the optical effect coating.

In the above examples, the first and the second coating
layers forming the optical eflect coating may be printed
directly on a transparent body of the actual light transmis-
sion element to be coated.

Alternatively, the first and the second coating layers may
be printed on a carrier element serving as a temporary
substrate from which the optical effect coating may be
released and laminated on a transparent body of the actual
light transmission element.

“Printing” refers generally to various additive techniques
to form matenial layers in accordance with predetermined
printing patterns. Printing techniques applicable to use for
printing the first and the second coating layers comprise, for
example, screen printing, tampo printing (pad printing), and
oflset printing. The most preferable technique depends, for
example, on the substrate on which the coating layers are to
be printed, the printing patterns, and the 1k or other printing,
material to be used.

In the above, examples has been discussed mainly focus-
ing on a method aspect. In the following, more emphasis 1s
put on 1ssues related to example device and product con-
figurations which may be produced in accordance with the
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6

above examples of the method aspect. On the other hand, the
above explanation may be considered discussing possible
ways of producing the device, product, or arrangement
examples discussed below. What 1s stated above, i the
context of the method aspect, about definitions, details, way
of implementation, and possible advantages apply, when-
ever appropriate, to the device and product aspects below.
The same applies vice versa.

The window plate 311 of FIG. 3 may be configured, for
example, to form a part of a display assembly, in turn
forming a part of a cover of a device, which can be, for
example, a mobile device such as a mobile phone, smart
phone, or a tablet computer. In this sense, the window plate
311 may be considered as illustrating a complete device.

The window plate 311 has a transparent body 312. Thus,
the window plate 311 may serve as a light transmission
clement allowing light to be transmitted or propagated
through 1t.

The transparent body has a surface 313, which may be a
back or front surface of the window plate when assembled
in a device. “Front” surface refers to the user side of the
window plate when assembled as a part of a complete
device, whereas the “back™ surface refers to the opposite
surface facing the inner side of the device. A circumierential
frame 309 1s formed on a peripheral area 314 of the window
plate on this surface 313.

The frame 309 may be formed as a colored coating which
may be substantially opaque, 1.e. non-transparent, or semi-
transparent 1n visible wavelengths. Alternatively, or 1n addi-
tion to color eflect(s), the frame may also produce some
other optical eflects, such as, for example, increased or
decreased reflectivity. Generally, the frame thus serves as an
optical eflect coating.

The frame/optical eflect coating 309 may be formed
according to any of the method examples discussed above.
On the other hand, the frame 309 1s an example of an optical
cellect coating formable by the methods of the examples
discussed above.

The frame 309 serving as optical effect coating 1s formed
of a first and a second coating layer 304, 307. The frame 309
has an aperture area 302 1n which the first coating layer has
a plurality of adjacent first elongated micro openings 305
extending 1n a first direction, and the second coating layer
has a plurality of adjacent second elongated micro openings
308 extending 1n a second direction which 1s substantially
perpendicular to the first direction.

The intersecting micro openings ol the first and the
second coating layers 304, 307 form an array of substantially
rectangular micro holes 310 through the frame at the loca-
tions where the micro openings of the first and the second
coating layers intersect. The micro holes produce locally
increased eflective light transmittance through the optical
cllect coating 1n the aperture area 302. As discussed above,
such increased eflective transmittance may allow suflicient
light to pass through the frame in the aperture area to a light
sensor positioned behind the frame. On the other hand, as
discussed above, single micro holes 310 can be dimensioned
so that they are not visible from normal observing distances
of a device into which the window plate may be integrated.
Thereby, a light sensor or any other device part behind the
frame may be concealed so that 1t 1s not visible for a user of
such device.

From a complete device point of view, the window plate
311 may thus be mcorporated into a device having a light
sensor positioned so that light can propagate from the
surroundings, 1.e. from the outside, of the device through the
aperture area to the light sensor. Such light sensor may be,
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for example, a part of a light sensing arrangement, a prox-
1mity sensing arrangement, an iris detection arrangement, or
an ultraviolet light sensing arrangement.

FIG. 4 shows a frame 409 which may be 1n accordance of
the frame 309 of FIG. 3. However, instead printing on a
transparent body of a window plate of another light trans-
mission e¢lement, the frame 409 has been printed on a
temporary carrier plate 415, from which the frame can be
released and further laminated on a transparent body of a
light transmission element. The frame 409 of FIG. 4 has a
pattern which 1s mirrored relative to the frame 309 of FIG.
3 so that the aperture area 402 1s located at an opposite side
of a fictitious center line of the carrier plate 415 in com-
parison to the aperture area 302 of the example of FIG. 3.
The frame 409 may be laminated on a transparent body of
a light transmission element so that the free surface 413 of
the frame 409 facing away from the temporary carrier plate
415 becomes against the light transmission element. Then,
the pattern of the laminated frame becomes similar to that of
the frame 309 of the window plate 311 of FIG. 3. The frame
409 serving as an optical eflect coating 1s an example of a
simple apparatus not necessarily comprising any other part,
clement, or component than the optical effect coating 1tself.

Although there 1s one aperture area in the frame 1n the
examples of FIGS. 3 and 4, 1n other examples, there can be
a plurality of aperture areas with micro holes locally increas-
ing the eflective light transmittance at different locations of
an optical eflect coating. On the other hand, a frame shaped
and dimensioned to follow a peripheral area of a window
plate 1s merely one example of possible optical effect coating
configurations. The principles of an aperture area with a
plurality of micro holes may be applied to any type of optical
cllect coatings for any types of light transmission elements
configured to form a part of a device cover.

The device 520 has a light transmission element in the
form of a window plate 511 which can be, for example, a
window plate forming a part of a display of the device. Such
display may be, for example, a part of a touch screen
assembly (no other parts of a display or a touch screen are
shown 1n FIG. §).

The window plate 511 has a transparent body 512. The
body has a back surface 513 facing towards the inner side of
the device. A decorative coating 509 serving as an optical
ellect coating 1s formed on this surface. It may be configured
and manufactured in accordance with any of the examples
discussed above.

The decorative coating 509 may be, for example, formed
as a colored, substantially opaque coating. It comprises two
coating layers 504, 507 printed on the back surface 513 of
the window plate, a first coating layer 504 being attached to
the lower surface 513 of the transparent body, and a second
coating layer 507 lying mainly on the first coating layer.

The decorative coating 509 has an aperture area 502, in
which each of the two coating layers comprises a plurality
ol adjacent elongated micro openings 305, 508. The micro
openings of the two coating layers are directed perpendicu-
larly to each other. FIG. § shows a sectional view along a
micro opening 508 1n the second coating layer. Therefore, in
the aperture area 502, only the first coating layer 1s shown
in FIG. 5.

The intersecting elongated micro openings 505, 508
define a plurality of substantially rectangular micro holes
510 1n the aperture area. The micro holes increase locally the
cllective light transmittance through the decorative coating
509 in the aperture area 502.

The device 520 also comprises an infrared light emaitter

516 and an infrared light sensor 517 located behind the
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window plate 511, at the location of the aperture area.
Thereby, part of light emitted by the infrared light emaitter
516 can be propagated through the aperture area to the
outside of the device, as illustrated by arrows marked 1n FIG.
5. Further, part of such infrared light reflected from an
external object, e.g. a user 518 of the device, may be
propagated again through the aperture area and recerved by
the mirared light sensor 517, as also marked by arrows in
FIG. 5. Such infrared light emitter and infrared light sensor,
together with the window plate 510, may serve as a prox-
imity sensing arrangement.

Further, the device 520 also comprises an additional light
sensor 519 located behind the window plate 511 so located
relative to the aperture area 502 that part of ambient light
from the outside of the device, incident on the window plate
511, can be propagated through the aperture area 502 to the
additional light sensor 519 as illustrated by further arrows 1n
FIG. 5. This kind of light sensing arrangement can be used
for ambient light sensing.

In the example of FIG. 5, there are thus two light sensing
arrangements 1n a single device, utilizing the same aperture
area. In other examples, there may be just one single light
sensing arrangement in a device, or one single light sensing
arrangement per one aperture area. Instead of, or 1n addition
to, the proximity sensing arrangement and the ambient light
sensing arrangement shown in FIG. §, a device may also
have other types of light sensing arrangements. For example,
with an 1imaging light sensor, an iris detecting arrangement
may be implemented. Further, with an ultraviolet light
sensor, an ultraviolet radiation/light sensing arrangement
may be implemented.

The effective light transmittance 1n the aperture area may
be adjusted via the number and size of the micro openings
505, 508, and thereby the number and size of the micro holes
510 1n the aperture area so that suflicient transmittance for
the light sensing purposes 1s achieved. On the other hand, as
discussed above, the micro openings 505, 508 and thereby
also the micro holes 510 may be dimensioned so that, as
discussed above, the size of single micro holes 1s so small
that the micro holes are not visible for a human eye with
normal observation distances. Thereby, the aperture area 502
may conceal the light emitter 516 and the light sensors 517,
519 located below the decorative coating 509.

The size and amount of the micro holes 510 1n the
aperture area aflect the effective light transmittance both at
infrared and at visible wavelengths. Naturally, they aflect
possible transmittance also at ultraviolet wavelengths. Fur-
ther, the material of the first and the second coating layers
may be partially transparent, 1.e. not completely opaque.
First, the material may form coating layers which are
generally semi-transparent with substantial transmaittance
throughout the visible and near inirared wavelength ranges.
On the other hand, the material of the first and the second
coating layers may be selectively transparent depending on
wavelengths. For example, the material may be substantially
opaque at visible wavelengths but partially transparent at
infrared wavelengths. This may allow an increased trans-
mittance at infrared wavelengths, without deteriorating the
concealing performance of the aperture area at visible wave-
lengths.

In the device 520 of FIG. 5, the decorative coating lies on
the back surface 513 of the window plate, the back surface
lying on the side of the infrared light emitter 516 and the
light sensors 517, 518. In another example, a decorative
coating or some other optical eflect coating may lie on a
surface of a transmission element opposite to the side of a
light sensor.
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Some aspects are further discussed shortly 1n the follow-
ng.

A method for forming an optical effect coating for a light
transmission element configured to form a part of a cover of
a device comprises: printing an optical effect coating com-
prising a plurality of micro holes 1n an aperture area, the
micro holes producing locally increased effective light trans-
mittance through the optical effect coating 1n the aperture
area.

In an embodiment, a method for forming an optical effect
coating for a light transmission element configured to form
a part of a cover of a device comprises: printing a {first
coating layer having a plurality of adjacent first elongated
micro openings extending in a first direction in an aperture
area, and printing a second coating layer having a plurality
ol adjacent second elongated micro openings extending in a
second direction, the second direction differing from the first
direction, 1n the aperture area, whereby an optical eflect
coating 1s formed, comprising micro holes formed at inter-
sections of the first and the second elongated micro open-
ings, the micro holes producing locally increased eflective
light transmittance through the optical eflect coating 1n the
aperture area. The micro holes may be substantially rectan-
gular.

In an embodiment, which may be 1n accordance with the
preceding embodiment, the first and the second elongated
micro openings have a width less than or equal to 500 um,
for example, less than or equal to 300 um or 100 um.

In an embodiment, which may be in accordance with any
of the preceding embodiments, the first and the second
clongated micro openings are located with a distance of 50
to 500 um, for example, 100 to 300 um between the adjacent
micro openings.

In an embodiment, which may be in accordance with any
of the preceding embodiments, at least one of the first and
the second coating layers 1s printed using an ink with
transmittance at near inirared wavelengths substantially
exceeding the transmittance at visible wavelengths.

In an embodiment, which may be in accordance with any
of the first three embodiments above, at least one of the first
and the second coating layers 1s printed using an ink forming
a substantially opaque coating layer.

In an embodiment, which may be in accordance with any
of the preceding embodiments, the first and the second
coating layers are printed on a transparent body of a light
transmission element.

In an embodiment, which may be in accordance with any
of the first five embodiments above, the first and the second
coating layers are printed on a carrier element allowing
laminating the optical effect coating on a transparent body of
a light transmission element.

An optical eflect coating for a light transmission element
configured to form a part of cover of a device comprises an
optical eflect coating comprising a plurality of micro holes
in an aperture area, the micro holes producing locally
increased eflective light transmittance through the optical
cllect coating 1n the aperture area. An apparatus may com-
prise the optical eflect coating. Such apparatus may com-
prise merely the optical effect coating. Such apparatus may
also comprise other parts, elements, and components.

In an embodiment, an optical eflect coating for a light
transmission element configured to form a part of cover of
a device, comprises: a first coating layer having a plurality
of adjacent first elongated micro openings extending in a
first direction 1n an aperture area, and a second coating layer
having a plurality of adjacent second elongated micro open-
ings extending 1n a second direction, the second direction
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differing from the first direction, in the aperture area,
whereby the optical eflect coating comprises micro holes
formed at intersections of the first and the second elongated
micro openings, the micro holes producing locally increased
cllective light transmittance through the optical effect coat-
ing in the aperture area. The first and the second coating
layers may be printed. The micro holes may be substantially
rectangular.

In an embodiment, which may be in accordance with the
preceding optical effect coating embodiment, the micro
holes have a maximum diameter less than or equal to 500
um, for example, less than or equal to 300 um or 100 pm.

In an embodiment, which may be 1n accordance with any
ol the preceding optical efiect coating embodiments, the first
and the second elongated micro openings are located with a
distance of 50 to 300 um, for example, 100 to 300 um
between the adjacent micro openings.

In an embodiment, which may be 1n accordance with any
of the preceding optical eflect coating embodiments, at least
one of the first and the second coating layers has a trans-
mittance at near inirared wavelengths substantially exceed-
ing the transmittance at visible wavelengths.

In an embodiment, which may be 1n accordance with any
of the preceding optical eflect coating embodiments above,
at least one of the first and the second coating layers 1is
substantially opaque.

A light transmission element configured to form a part of
a user interface of a device comprises a transparent body
having a surface, and an optical eflect coating which may be
in accordance with any of the optical effect coating embodi-
ments above. The above apparatus may comprise, 1n addi-
tion to the optical eflect coating, also such light transmission
clement.

In an embodiment, the optical eflect coating forms a
circumierential frame on a peripheral area of the surface of
the transparent body.

In an embodiment, which may be 1n accordance with any
of the preceding light transmission element embodiments
above, the light transmission element 1s formed as a window
plate for a display.

A device, which may be a mobile device, has a light
sensor and a light transmission element 1n accordance with
any of the light transmission embodiments above configured
to form a part of a cover of the device, the aperture area of
the optical effect coating and the light sensor being posi-
tioned to allow light from the surroundings of the device to
propagate through the aperture area to the light sensor. The
above apparatus may comprise, 1n addition to the light
transmission element comprising the optical eflect coating,
also such device.

In an embodiment, the light sensor 1s a light sensor of one
of an ambient light sensing arrangement, a proximity sens-
ing arrangement, an iris detecting arrangement, and an
ultraviolet light sensing arrangement

The device may alternatively also be a portable device, a
wearable device, or any device where a light transmission
clement can form a part of a cover of the device, for
example, as part of a display assembly.

A light sensing arrangement for a mobile device compris-
ing: a light transmission element having a transparent body
with an optical eflect coating thereon, the optical eflect
coating comprising two layers and an aperture areca with a
plurality of micro holes defined by intersecting elongated
micro openings formed 1n the two layers, and a light sensor
located behind the light transmission element to receive light
propagating through the aperture area of the optical effect
coating, the micro holes being dimensioned to conceal the
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light sensor from visual observation through the aperture
area. The micro holes may be substantially rectangular.

In an embodiment, the optical eflect coating lies on a

surface of the light transmission element on a side of the
light sensor.
In an embodiment, which may be 1n accordance with the
previous embodiment, the light sensing arrangement further
comprises a light emitter located behind the light transmis-
sion element to transmit light through the aperture area.

In an embodiment, which may 1n accordance with any of
the preceding light sensing arrangement embodiments, the
optical eflect coating has a transmittance which 1s higher at
a near infrared wavelength range than at a visible wave-
length range.

Although the subject matter has been described 1n lan-
guage specific to structural features and/or acts, 1t 1s to be
understood that the subject matter defined 1n the appended
claims 1s not necessarily limited to the specific features or
acts described above. Rather, the specific features and acts
described above are disclosed as examples of implementing
the claims and other equvalent features and acts are
intended to be within the scope of the claims.

It will be understood that the benefits and advantages
described above may relate to one embodiment or may relate
to several embodiments. The embodiments are not limited to
those that solve any or all of the stated problems or those that
have any or all of the stated benefits and advantages. It waill
turther be understood that reference to “an’ item refers to one
or more of those items.

The steps of the methods described herein may be carried
out 1in any suitable order, or simultancously where appro-
priate. Additionally, individual blocks may be deleted from
any of the methods without departing ifrom the spirit and
scope of the subject matter described herein. Aspects of any
of the examples described above may be combined with
aspects ol any of the other examples described to form
turther examples without losing the effect sought.

The term “comprising” 1s used in this specification to
mean 1ncluding the features followed thereafter, without
excluding the presence of one or more additional features.

Although the subject matter has been described in lan-
guage specilic to structural features and/or acts, 1t 1s to be
understood that the subject matter defined 1n the appended
claims 1s not necessarily limited to the specific features or
acts described above. Rather, the specific features and acts
described above are disclosed as examples of implementing
the claims and other equivalent features and acts are
intended to be within the scope of the claims.

The 1invention claimed 1is:
1. A method comprising:
printing a first coating layer having a plurality of adjacent
first elongated micro openings extending in a first
direction 1n an aperture area; and
printing a second coating layer having a plurality of
adjacent second elongated micro openings extending in
a second direction, the second direction differing from
the first direction, 1n the aperture area;
whereby an optical eflect coating 1s formed, comprising
micro holes formed at intersections of the first and the
second elongated micro opemings, the micro holes producing
locally increased eflective light transmittance through the
optical eflect coating 1n the aperture area.
2. A method as defined 1n claim 1, wherein the first and the
second elongated micro openings have a width less than or
equal to 500 um.
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3. A method as defined 1n claim 1, wherein the first and the
second elongated micro openings are located with a distance
of 350 to 500 um between the adjacent micro openings.

4. A method as defined 1n claim 1, wherein at least one of
the first and the second coating layers 1s printed using an 1nk
with transmittance at near inirared wavelengths substan-
tially exceeding the transmittance at visible wavelengths.

5. A method as defined 1n claim 1, wherein at least one of
the first and the second coating layers 1s printed using an 1nk
forming a substantially opaque coating layer.

6. A method as defined 1n claim 1, wherein the first and the
second coating layers are printed on a transparent body of a
light transmission element.

7. A method as defined 1n claim 1, wherein the first and the
second coating layers are printed on a carrier element
allowing laminating the optical effect coating on a transpar-
ent body of a light transmission element.

8. An apparatus comprising;:

an optical effect coating comprising:

a first coating layer having a plurality of adjacent first
clongated micro openings extending in a first direc-
tion 1n an aperture area; and

a second coating layer having a plurality of adjacent
second elongated micro openings extending 1 a
second direction, the second direction differing from
the first direction, 1n the aperture area;

whereby the optical eflect coating comprises micro holes
formed at intersections of the first and the second elongated
micro openmings, the micro holes producing locally increased
cllective light transmittance through the optical effect coat-
ing in the aperture area.

9. An apparatus as defined 1n claim 8, wherein the micro
holes have a maximum diameter less than or equal to 500
LLIT.
10. An apparatus as defined in claim 8, wherein the first
and the second elongated micro openings are located with a
distance of 50 to 300 um between the adjacent micro
openings.

11. An apparatus as defined in claim 8, comprising:

a light transmission element configured to form a part of

a user interface of a device, comprising a transparent

body having a surface, and the optical eflect coating

attached on the surface.

12. An apparatus as defined m claim 11, wherein the
optical eflect coating forms a circumierential frame on a
peripheral area of the surface of the transparent body.

13. An apparatus as defined 1in claim 11, formed as a
window plate for a display.

14. An apparatus as defined 1n claim 11, comprising a
device having a light sensor and the light transmission
clement configured to form a part of a cover of the device,
the aperture area of the optical eflect coating and the light
sensor being positioned to allow light from surroundings of
the device to propagate through the aperture area to the light
SENSOr.

15. An apparatus as defined in claim 14, wherein the light
sensor 15 a light sensor of one of an ambient light sensing
arrangement, a proximity sensing arrangement, an 1ris
detecting arrangement, and an ultraviolet light sensing
arrangement.

16. An apparatus as defined in claim 14, wherein the
device 1s a mobile device.

17. A light sensing arrangement for a mobile device
comprising;

a light transmission element having a transparent body

with an optical effect coating thereon, the optical effect

coating comprising two layers and an aperture area
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with a plurality of micro holes defined by intersecting
clongated micro openings formed 1n the two layers, the
micro holes producing locally increased effective light
transmittance through the optical eflect coating; and

a light sensor located behind the light transmission ele- 5

ment to recerve light propagating through the aperture
area of the optical eflect coating;

the micro holes being dimensioned to conceal the light

sensor from visual observation through the aperture
area. 10

18. A light sensing arrangement as defined in claim 17,
wherein the optical eflect coating lies on a surface of the
light transmission element on a side of the light sensor.

19. A light sensing arrangement as defined in claim 17,
turther comprising a light emitter located behind the light 15
transmission element to transmit light through the aperture
area.

20. A light sensing arrangement as defined 1n claim 17,
wherein the optical effect coating has a light transmittance

which 1s higher at a near infrared wavelength range than at 20
a visible wavelength range.
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